There have been many observations concerning the hemodynamic and electrocardiographic effects of quinidine, both in the experimental animal and in man (1). Although quinidine produces rather profound changes in metabolism at the cellular (2, 3) and subcellular (4) level, as well as in the body as a whole, (5), there has been relatively little demonstrable change hemodynamically in normal patients receiving therapeutic doses of the drug (6-8). It appeared that in vivo myocardial metabolic data might be of interest in the study of a dose of quinidine previously shown to be effective in preventing cyclopropane epinephrine arrhythmia in the dog (9). Further justification for studying a dose thus selected is the known poor correlation between blood and tissue quinidine levels (10) which precludes administration of a quantity calculated to reproduce the levels studied in vitro. The data include systemic hemodynamics along with coronary blood flow, myocardial oxygen consumption, and cardiac efficiency.
There have been many observations concerning the hemodynamic and electrocardiographic effects of quinidine, both in the experimental animal and in man (1) . Although quinidine produces rather profound changes in metabolism at the cellular (2, 3) and subcellular (4) level, as well as in the body as a whole, (5) , there has been relatively little demonstrable change hemodynamically in normal patients receiving therapeutic doses of the drug (6) (7) (8) . It appeared that in vivo myocardial metabolic data might be of interest in the study of a dose of quinidine previously shown to be effective in preventing cyclopropane epinephrine arrhythmia in the dog (9) . Further justification for studying a dose thus selected is the known poor correlation between blood and tissue quinidine levels (10) which precludes administration of a quantity calculated to reproduce the levels studied in vitro. The data include systemic hemodynamics along with coronary blood flow, myocardial oxygen consumption, and cardiac efficiency.
MATERIAL AND METHODS
A total of 16 dogs weighing between 16 and 32 kilograms was studied in the post-absorptive state. Cardiac outputs were determined by the Fick principle and coronary blood flows by the nitrous oxide method. The procedure used has been described previously from this laboratory and was similar in this study except that mixed venous blood was withdrawn from the pulmonary artery in all but Dogs Nos. 2 and 3, where the right ventricular blood was utilized as before (11) . The plan of anesthesia was 3 mg. per kilogram of morphine intramuscularly followed in one hour by 12 mg. per kilogram of sodium pentobarbital intravenously. The control observations were begun approximately 1 hour after the pentobarbital was given. 1 This work was supported in part by grants from the National Heart Institute, United States Public Health Service, the Wisconsin Alumni Research Foundation, and the Wisconsin Heart Association.
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In the first 11 dogs, 15 mg. of quinidine gluconate per kilogram were given intravenously over a two-minute period. The second cardiac output was begun approximately 25 minutes after the drug was given and followed immediately by the second determination of coronary blood flow. Because the rapid administration of quinidine produced a very severe hypotension, the last five dogs were given quinidine slowly over twenty minutes and the second observations were begun within two or three minutes after the end of the injection of quinidine. Since the results appeared to be independent of the method of administration, both groups were summarized together.
On two occasions, it was necessary to modify the plan of anesthesia since inadequate anesthesia was obtained and further sedation was required. The 11. Femoral arterial oxygen oontent in ml. per 100 ml. of blood.
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14. Pulmonary arterial M content in ml. per loo ml. of blood. 15 . Femoral arterial C(h content in ml. per 100 ml. of blood. 16 . Mixed venous-arterial M difference in ml. per 100 ml. of blood. quinidine and pressure then rose again until at the time of the second determinations it averaged 7 per cent lower than the initial observations, which did not represent a significant change (p < 0.1). Immediate changes in the pulmonary arterial blood pressure were not as marked as those in the systemic vessels. However, at the time of the second determinations there was a consistent lowering of pulmonary arterial pressure (-29 per cent, p < 0.001). The minute volume of respiration increased immediately after administration of quinidine and remained elevated at the time of the second cardiac output (+ 37 per cent, p < 0.001).
Oxygen consumption and CO2 liberation increased in every case, the former by 12 per cent (p < 0.001) and the latter by 21 per cent (p < 0.001).
Hence there was a significant decrease in exchange of respiratory gases per liter of ventilation (p < 0.001).
Although the arterial oxygen content was not changed significantly, the mixed venous 02 content fell (-7 per cent, p < 0.01) resulting in a significant increase in the arterio-venous blood oxygen difference (+ 21 per cent, p < 0.001). A significant decrease in coronary sinus blood oxygen (-40 per cent, p <0.001) was noted as well as an increase in arterial-coronary sinus venous oxygen difference (+ 19 per cent, p < 0.001).
There was no significant change in cardiac output (-3 per cent, p < 0.9). Stroke volume, however, fell rather markedly due to the tachycardia (-50 per cent, p < 0.001). Total peripheral resistance was unchanged but there was a decrease in total pulmonary vascular resistance in every experiment which was significant (-23 per cent, p < 0.001) . As a manifestation of the unchanged cardiac output and peripheral resistance, left ventricular work was not significantly altered (-9 per cent, p < 0.1). Right ventricular work, on the other hand, was significantly decreased (-33 per cent, p < 0.001).
Coronary blood flow was significantly increased (+ 46 per cent, p < 0.001) and since this was accompanied by an increase in arterial-coronary sinus blood oxygen difference (+ 19 per cent, p < 0.001), the cardiac metabolic rate for oxygen was markedly increased (+ 77 per cent, p < 0.001). If the left ventricular work be divided by oxygen consumption per 100 Gm. of myocardium per minute, a figure is obtained which has been called in this study the index of efficiency. This figure is clearly related to the efficiency of the heart, yet avoids estimation of cardiac weight. This index reveals a 45 per cent decrease in myocardial efficiency (p < 0.001) after quinidine administration. If calculations be done, assuming the left ventricular weight to be 0.0037 times the body weight, the average cardiac efficiency was 31 per cent before and 16 per cent after quinidine administration.
Examination of the electrocardiogram on these animals was somewhat unsatisfactory. It was especially difficult to determine changes in T waves and QT interval, because the acceleration was so great during the second set of determinations that the P waves and T waves ran together, making it impossible to measure intervals accurately.
Observations concerning the correlation between each of the factors measured in this study were calculated in the numerical analysis laboratory of the University of Wisconsin and surveyed for significant correlations. Correlation coefficients were determined for every function measured with every other function, in the control data and in the data obtained after quinidine. This was done to attempt to determine what correlations existed in the control animals and how they were modified, if at all, by the drug. These correlations have been summarized in Table II . Only those correlations which were thought to be of interest are included. As indicated in the table, some of those factors which have the highest "r" values owe this, at least partially, to a common factor used in their calculation. It should be emphasized that for this and other reasons, mathematical correlation does not necessarily signify physiological correlation.
DISCUSSION
Quinidine intravenously in the dosage of 15 mg. per kg. was followed by tachycardia associated with a marked increase in myocardial oxygen consumption without any significant change in left ventricular work. Of particular interest was the fact that the increase in myocardial oxygen consumption was associated with an increase in coronary blood flow and an increase in arterial-coronary sinus blood oxygen difference. This is in contrast to previous studies in which an increase in coronary flow was accompanied by either no significant change in arterial-coronary sinus oxygen difference (12) or a decrease (13) . (7) in their study of patients. Undoubtedly, a higher concentration reached the cardiovascular system following intravenous administration as used in the present study than in the clinical experiments utilizing the oral route of administration. Gold and Modell (15) used increasing doses from 2 to 40 mg. per kg. intravenously in their study on dogs, representing a span on both sides of the dosage employed in this study.
Quinidine uniformly produces in dogs a tachycardia even at the 2 mg. per kg. dose level (15) . Since tachycardia is not observed in human subjects there is undoubtedly a species difference with respect to this action of the drug. Only further studies in man could clarify the question of different effects in various species. However, similar hemodynamic studies performed in dogs with hexamethonium have been completely applicable to human subjects, except for the species difference of tachycardia in the former (11 2. Tachycardia and hypotension followed immediately after administration of the drug, and although the blood pressure returned to the control range before the second determination of cardiac output, the cardiac rate remained elevated.
3. Cardiac output determination twenty-five minutes after quinidine was not significantly different from the control measurement.
4. Although right ventricular work and total pulmonary resistance decreased, left ventricular work and systemic arterial resistance remained unchanged.
5. Coronary blood flow and cardiac metabolic rate for oxygen increased considerably whereas coronary vascular resistance and myocardial efficiency decreased markedly. 6 . The increase in myocardial oxygen consumption was associated with an increase in coronary blood flow and an increase in arterial-coronary sinus oxygen difference.
